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Abstract 

The model suggested by Love and Franey for description of the nucleon-nucleon in- 
teraction was used as the base. The new fitting of the model parameters was done in the 
energy range from 100 MeV up to 1100 MeV. It is based on the modern partial- wave- 
analysis solution for NN-amplitudes. The three observables: differential cross section, 
vector analyzing power, and spin correlation coefficient - were obtained at every energy. 
The results are compared with existing the experimental data. 



In order to solve the problems of the nucleon-nucleus scattering, it is very important to 
know the coupling between two nucleons. A quantitative knowledge of the nucleon-nucleon 
coupling from first principles over a wide energy range must await a more complete theory of 
strong interaction. 

In this connection it is useful to have a model which describe the effective nucleon-nucleon 
interaction. Such phenomenological model was suggested by W.G.Love and M.A.Franey in 
ref.[T]. According to this paper t-matrix can be expressed in the following form 

fy'^iE^Q*) = A'{E*,e*)Ps + B'{E*,e*)PT + C'{E*,Q*){{ai + a2)-n) + 

+ E'{E*,e*)Su{q)+F'{E*,e*)Su{Q), (1) 

where E* is the center-of-mass energy; O* is the scattering angle in the cm. system. The unit 
vectors q,Q,h form a right-handed coordinate system with 

. k-k' k + k' . . A 

q=— — —, Q = — — —, n = qxQ, 
\k-k'\ \k + k'\ 

where k and k' are the initial and final momenta in the cm. system, 

The usual tensor operator Su^k) = 3{aik) {a2k) — {aia2) , the singlet spin-projection operator 
Ps = |(1 — (ai(T2)), and the triplet spin-projection operator Pt = \{3 + (ai(T2)) were used in 
Eq.([T]). It should be noted, that t-matrix, here, is the antisymmetrized one, i.e. t''^™ = [1 — Pi2]t, 
where P12 is the permutation operator of the particles of "1" and "2". 

This t-matrix is connected with A^A^-amplitude M by the relationship 

t^^{E*,9*) = -^M{E\9*). (3) 

The amplitudes A', B', C, E', F' are parameterized according to the symmetric properties. 
In case, when isospin NN-pare equals to zero, / = 0, these amplitudes have the following form 



(2) 



^° " (27r)3^^ 

Co = l^^.^^^'ZQ ( 7^^^ - 7^^^ ) (4) 
, 327riRj rp^^ 



^0 




32mRl 



For 1 = 1 these amplitudes are 



(27r)3 * \l + q^Rf l + Q^Rl 
4:TTRh.TO^ 1 1 



' (27r)3 Ul + g2i?2)2 + (1 + Q2Rp2 I 

32TriRj g2 



(27r)3 * (l + g2/?2)3 
, 32niRj rp^Q 

^1 = /O-X.^ 



(27r)3 * (1 + Q2i?2)3- 

In this paper the new set of the coefficients Ri and were obtained by fitting SP07 [2] A^A^ 
amphtudes. The energy region from 100 MeV up to 1100 MeV was considered. In order to get 
the amphtudes subset for isospin equal to zero, the "NP" and "NPl" subsets were used. The 
new sets of parameters are presented in the tables below. The three observables: differential 
cross section, vector analyzing power and spin correlation coefficient - were obtained for every 
energy and were compared with the experimental data p]. On the figures below the ffiting 
results are presented by the red lines. The black curves correspond to the results obtained with 
the amplitudes from SAID [2]. 

The NN t-matrix can be also expressed in the standard form 

t{E\Q*) = A{E*,Q*) + B{E\Q*){aih){a2h) + CiE\Q*){{a^ + a2)-h) + 

+ E{E*,Q*){a,q){a2q) + F{E*,Q*){a,Q){a2Q). (6) 

The relationships between amplitudes A' , B', C, E', F' and A, i?, C, E, F can be got 
with comparison of the two definitions of t-matrix, Eq.([T]) and Eq.([6]). 

A = -(A' + 3B') 
4 

B = ^{B' - A') - {E' + F') 

C = C (7) 

E = -(B' ~A') + 2E' -F' 
4 

F = -(B' - A') - E' + 2F'. 
4 

All notations used in this paper are the same as in ref. p]. 
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Tlab = lOOMeF, Im part 
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Tiah = lOOMeV, Re part 
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lOOMeV, pp 




cos 0* 



Tlab = lOOMey, np 




Tiah = 200MeV, Re part 
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Tlab = 200Mey, Im part 
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Tiah = 200MeV, Re part 
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Tlab = 200MeV, pp 




Tlab = 200Mey, np 
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COS©* 




Tiah = 300Mey, Re part 
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Tiaf, 300Mey, Im part 
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Tiah = SOOMeV, Re part 
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Tlab = SOOMeV, pp 
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Tlab = SOOMeV, np 




Ti^^ = AOOMeV, Re part 
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Tiaf, = 400Mey, Im part 
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Tiah = AOOMeV, Re part 



R 


VSO 


VTE 


VLSE 


VTNE 


0.11 


10003.5 


-6500.01 





700000 


0.15 


-37996.9 


19984.3 





-105666 


0.25 


3011.6 


-4313.26 





2500 


0.4 


-1899.16 


509.9 





-605.942 


0.55 


1997.57 


-400.106 





101.344 


0.7 


-786.388 


66.1521 





-26.8545 


1.4 


27.8255 


-8.85684 





-0.0519602 



Tlab — 


AOOMeV, 


[m part 






R 


VSO 


VTE 


VLSE 


VTNE 


0.11 


-9000.74 


26096.1 


-86161.3 


-140000 


0.15 


150000 


-6880.2 


3602.31 


147643 


0.25 


-20695.4 


800.026 


-500.093 


-14459.2 


0.4 


2202.03 


-2394.61 


1199.98 


1878.77 


0.55 


-2500.01 


1161.22 


-267.554 


-180 


0.7 


850.16 


-199.975 


40.3628 


52.5685 


1.4 


-38.5451 


2.80001 


-0.392178 


0.178394 



Tlab = AOOMeV, pp 
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Tiah = bOOMeV, Re part 
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Tiaf, = 500Mey, Im part 
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Tlab = 500Mel/, Re part 
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Tlab = 500MeV, pp 
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2127.49 


1327.29 





-497.576 


0.7 


-261.752 


-258.907 





70.3886 


1.4 


-2.43463 


2.48021 





-0.128731 



Tlab = 800Mey, Im part 



R 


VSE 


VTO 


VLSO 


VTNO 


0.11 


-56467.2 


-13305.2 


25165.4 


-920000 


0.15 


99981 


121165 


-18003.1 


291900 


0.25 


-36248.1 


-31106.7 


3546.83 


-17421.9 


0.4 


6145.54 


2806.01 


119.925 


1236.76 


0.55 


-1034.03 


146.599 


-25.1756 


-156.989 


0.7 


204.387 


-112.002 


3.38124 


2.05897 


1.4 


4.72574 


-1.29686 


-0.00598186 


-0.0544541 



Tiah = SOOMeV, Re part 



R 


VSO 


VTE 


VLSE 


VTNE 


0.11 


39000 


-34171.7 





808495 


0.15 


-99999.9 


29618 





-259064 


0.25 


27341.1 


-7497.5 





19949.5 


0.4 


-7133.84 


3443.67 





-2646.22 


0.55 


1700.12 


-1865.03 





516.977 


0.7 


-103.451 


400 





-82.5902 


1.4 


4.47402 


-0.481941 





0.0493507 



Tlab — 


SOOMeV, 


[m part 






R 


VSO 


VTE 


VLSE 


VTNE 


0.11 


-82029.8 


85585.8 


-97896.2 


-380000 


0.15 


54576.5 


-46437.8 


40754.2 


175805 


0.25 


-8000.48 


4000.48 


-4054.97 


-14975.3 


0.4 


3146.73 


-2561.78 


1336.19 


2303.39 


0.55 


-2717.57 


1632.37 


-380 


-398.557 


0.7 


799.87 


-498.918 


67.7489 


86.4692 


1.4 


-35.4606 


11.2218 


-0.464504 


0.0050183 



Tlab = SOOMeV, pp 




COS©* 



Tlab = SOOMeV, np 




Tlab — 


900MeV, 


R,e part 






R 


VSE 


VTO 


VLSO 


VTNO 


0.11 


45401.6 


14223.1 





-280001 


0.15 


-74533.3 


-909.33 





139758 


0.25 


33478.5 


4815.19 





-13235 


0.4 


-9375.58 


-2655 





1360.05 


0.55 


1809.97 


429.457 





-305.773 


0.7 


-189.67 


-47.8691 





48.2382 


1.4 


-2.9259 


0.8333 





-0.0968045 



Tlab = 900Mey, Im part 



R 


VSE 


VTO 


VLSO 


VTNO 


0.11 


-84664.2 


-9301.41 


53744.1 


-600000 


0.15 


99433 


116767 


-27889.2 


225933 


0.25 


-28765 


-30906 


3551.32 


-17130.4 


0.4 


4099.44 


2829.68 


159.308 


1316.68 


0.55 


-600 


114.117 


-41.1986 


-165.379 


0.7 


163.771 


-116.036 


6.12693 


2.03006 


1.4 


3.70942 


-0.897898 


-0.0157595 


-0.042234 



Tiah = 900MeV, Re part 



R 


VSO 


VTE 


VLSE 


VTNE 


0.11 


40555.1 


-28315.4 





683621 


0.15 


-108846 


28844.1 





-244909 


0.25 


28152.1 


-6934.63 





21046.9 


0.4 


-6500.3 


1971.89 





-2813.95 


0.55 


1500.04 


-1021.26 





561.755 


0.7 


-135.43 


215.321 





-88.4074 


1.4 


8.8632 


-0.214113 





0.0688726 



Tlab — 


900MeV, 


[m part 






R 


VSO 


VTE 


VLSE 


VTNE 


0.11 


-93840.9 


65153.1 


-96000 


-259059 


0.15 


49515.6 


-36529.1 


39991.4 


134984 


0.25 


-5111.04 


3922.52 


-4000.1 


-11979 


0.4 


2153.8 


-2439.75 


1272.95 


1782.36 


0.55 


-2070.87 


1212.83 


-374.312 


-273.571 


0.7 


583.589 


-270.009 


67.6282 


66.716 


1.4 


-31.7335 


2.15297 


-0.456572 


0.0514867 



Tlab = 900MeV, pp 




COS©* 




-1 -0.5 0.5 1 

COS©* 



0.8 




cos©* 



Tlab = 900Mey, np 




-1 -0.5 0.5 1 

COS®* 



Tlab — 


lOOOMel^ 


Re part 






R 


VSE 


VTO 


VLSO 


VTNO 


0.11 


60666.9 


2888.67 





-230463 


0.15 


-72709.5 


-808.002 





98816.7 


0.25 


28017.3 


4547.87 





-7827.76 


0.4 


-7447.1 


-2165.55 





644.909 


0.55 


1117.53 


230.777 





-164.754 


0.7 


-50.0001 


-15.2833 





29.8561 


1.4 


-3.56802 


0.979312 





-0.0626672 



Tlab = lOOOMel/, Im part 



R 


VSE 


VTO 


VLSO 


VTNO 


0.11 


-98711.2 


-9057.76 


129026 


-300001 


0.15 


97688.4 


96145.3 


-54998.6 


143127 


0.25 


-24155 


-26263.4 


4350.96 


-14093.3 


0.4 


2897.23 


2389.94 


167.686 


1192.58 


0.55 


-390.274 


113.728 


-60.9247 


-156.562 


0.7 


163.013 


-116.033 


10.5639 


2.00019 


1.4 


2.2639 


-0.415819 


-0.0387636 


-0.0420831 



Tiah = lOOOMeF, Re part 



R 


VSO 


VTE 


VLSE 


VTNE 


0.11 


44901.6 


-15179 





605715 


0.15 


-70514.2 


23029.8 





-240000 


0.25 


14013.4 


-6293.02 





22538.7 


0.4 


-3749.13 


1127 





-2967.2 


0.55 


1270.4 


-600.001 





592.673 


0.7 


-199.734 


137.29 





-91.3122 


1.4 


4.82993 


-0.142917 





0.0768991 



Tlab — 


lOOOMel^ 


Im part 






R 


VSO 


VTE 


VLSE 


VTNE 


0.11 


-119999 


64686.9 


-90000 


-120000 


0.15 


59750.4 


-34026.4 


23438.1 


93524 


0.25 


-6000 


2150.45 


-1500 


-10164.8 


0.4 


2797.14 


-1557.28 


906.58 


1576.55 


0.55 


-2312.91 


769.397 


-309.155 


-235.409 


0.7 


600 


-150.109 


60.0015 


60.937 


1.4 


-30.1323 


0.190335 


-0.439257 


0.0573121 



Tlab = lOOOMeF, pp 




COS©* 




-1 -0.5 0.5 1 

COS©* 




lOOOMeF, np 




COS©* 




Tlab — 


llOOMel^ 


Re part 






R 


VSE 


VTO 


VLSO 


VTNO 


0.11 


69410.4 


550 





-185846 


0.15 


-71738.4 


-808 





72199.7 


0.25 


25344 


4289.49 





-4635.81 


0.4 


-6844.69 


-1986.87 





250 


0.55 


993.501 


175 





-98.0508 


0.7 


-36.194 


-9.61922 





22.7208 


1.4 


-3.27555 


1.13202 





-0.0626293 



Tlab ^ nOOMeV, Im part 



R 


VSE 


VTO 


VLSO 


VTNO 


0.11 


-102796 


-9017.06 


181874 


-120000 


0.15 


95875.2 


81222.3 


-74712.7 


85623.9 


0.25 


-22050.9 


-23137.9 


4967.06 


-11257.2 


0.4 


2184.63 


2204.78 


168 


1058.8 


0.55 


-100.491 


87.9625 


-76.9202 


-149.126 


0.7 


94.7553 


-117.096 


14.3827 


2.58782 


1.4 


2.25999 


-0.100002 


-0.0596146 


-0.0456317 



Tiah = llOOMeV", Re part 



R 


VSO 


VTE 


VLSE 


VTNE 


0.11 


48439.2 


-13708.4 





551305 


0.15 


-59038.5 


22873.1 





-235000 


0.25 


7698.42 


-6077.29 





23953.4 


0.4 


-1908.28 


650.012 





-3143.67 


0.55 


1121.09 


-398.936 





631.914 


0.7 


-319.695 


109.256 





-95.9452 


1.4 


4.6774 


-0.110743 





0.0900328 



Tlab — 


llOOMel^ 


Im part 






R 


VSO 


VTE 


VLSE 


VTNE 


0.11 


-218411 


41234.9 


-86000 


-60000 


0.15 


86984 


-21169.5 


15583.9 


69533.6 


0.25 


-6075.13 


1340.98 


-600 


-8687.87 


0.4 


5346.6 


-1196.53 


818.464 


1358.4 


0.55 


-4490.38 


500.001 


-300 


-186.977 


0.7 


1269.38 


-85.6839 


58.3339 


53.0555 


1.4 


-38.4122 


0.104405 


-0.402291 


0.0701362 



Tlab = llOOMeF, pp 




COS©* 



Tlab = llOOMeF, np 




